Shale volume and porosity are the most important rock properties for petrophysical analysis, formation evaluation and estimation of hydrocarbon reserve in the oil and gas fields. This research shows how to shale volume and porosity estimation of Titas gas field (T-11) using wireline log data of Bokabil Formation in Bangladesh. Shale volume has been estimated from Gamma Ray, Self-Potential logs and True resistivity method. Porosity estimated from single log method as well as from Neutron-Density and sonic logs. Lithology is mainly sand and shale where sand is the dominant fraction. In A 2 sand interval of T-11, sand and shaly sand appeared as alternating units. The shales are laminated. Shale volume percentage is ranges from 3.82 to 17.52 averaging 9.23 using Gamma Ray log which is optimistic and more reliable than other two methods. The total porosity (average) percentage is 25.09 based on sonic log which is over estimated but Neutron-density combination formula with clay corrected gives better results as averaging 18.17% which is more reliable for estimation of water saturation, formation evaluation and reserve estimation and similar as core porosity. The porosity quality is good of A 2 gas sand which is potential hydrocarbon reservoir.
Introduction
The Titas gas field is located in Brahmanbaria district in the vicinity of Brahmanbaria town about 4 km north of Brahmanbaria town and 96 km ENE of Dhaka city which lies in the south central part of the Surma Basin of Bengal Basin, and on the western margin of the Tripura high. The surface location of the Titas gas field is E 2857375 m and N 697847 m [1] . The first goal of petrophysical analysis and formation evaluation are to attempt to identify the lithology down hole and its depth of occurrence [2, 3] . Shale volume is most important for prospective zones of reservoir rocks. It is the ratio of clay fraction to the bulk volume of reservoir rocks. Absolute or total porosity is defined as the ratio of pore space to the total volume of reservoir rock and is commonly expressed as a percentage. The Effective porosity (Ф e ) is the ratio of interconnected pore space volume to the total bulk volume of the rock. Porosity in sandstone varies primarily with grain size distribution and grain shapes, packing arrangement, cementation and clay volume [4] . Rock porosity can be obtained from the sonic log, the density log, or the neutron log. For all these devices, the tool response is affected by the formation porosity, fluid, and matrix. If the fluid and matrix effects are known or can be determined, the tool response can be related to porosity [2] . In 1991, Geochem Group Ltd. studied about special core analysis based on core samples recovered from the Titas Well No. 11 under over-balanced pressure with limited sand thickness [5] . Interkomp Kanata Management [6] studied about Geological, Geophysical and Petrophysical Analysis of the Titas Gas Field based on combined evidence of seismic data, well data and log data but in this report, shale volume is estimated from only Gamma Ray method using some constant value and estimated porosity is without clay correction for shaley sand hydrocarbon (gas) reservoir. Reservoir Management Project [7] studied about Petrophysical analysis of Titas gas field based on Petro-log software. The objectives of this research includes are shale volume and porosity assessment of A 2 gas sand reservoir using wireline log data of Bokabil Formation.
Geological Structure and Stratigraphy

Structure
The Titas Field is an elongate asymmetrical anticline with a simple four ways dip closure. The structural trend main axis lies N-S, with a broader northern nose and steeper eastern flank. The structure lies on the western margin of the Chittagong-Tripura folded belt in the south central part of the Surma Basin. The maximum flank dip to the east is 12 0 and that to the west is 6 0 . The dip is much gentler in the north-south direction at 3 0 and indicates stronger compression and uplift. The structure was first mapped by Shell in 1960 with a single fold seismic grid. No faults were observed from the 2D seismic data over the Titas gas field and its vicinity [1, 8] .
Stratigraphy
The stratigraphy of the field is related to the stratigraphy of the Surma Basin and is based on lithological correlation with rocks in the Assam oil fields. The formations that have been reached by wells in the Surma Basin are Dupi-Tila, Tipam, Bokabil and Bhuban. Sediments deposited in the later stages of the Indian Plate collision include the Upper Bhuban and Bokabil units which are overlain by Tipam and Dupi-Tila. This stage is represented by contemporaneous sedimentation with the major phase of continental collision (Late Miocene-Recent), when the main uplift Himalayan and Indo-Burma ranges occurred. Deposition occurred in fluvial-deltaic to estuarine environments during the Miocene-Pliocene, accompanied by extensive channeling and sediment reworking. The reservoir sands in the area are composed of stacked sands which are divided into three groups A, B and C Sands [ Fig. 1 ]. The most prolific are those of the Group-A Sands which are the dominated constituent of the reservoirs in the Titas Field (T-11). This sand zone consists of sandstone which is lightly grey to white with a salt and pepper texture, very fine to fine grain and subangular to subrounded. The siltstone and shales are found to be interbedded with the sandstone. The sandstones are separated by shales and also have shale bedding within them. The major gas sand of A-group is A 2 sand. These sands constitute the gas reservoir within the area [1, 8] .
Materials and Methods
There are 17 wells drilled so far in Titas structure. For this research, Titas well no. 11 ( Fig.-1) has been selected because all logs data available which is listed as Caliper Log, Gamma Ray (GR) and Self-Potential (SP) logs, Compensated Neutron and Density logs, and Resistivity Logs. Petrophysical zonation has been used based on the log responses especially on Gamma Ray log response throughout the A 2 gas sand. Shale and sand zones have been identified with respect to Gamma Ray and SP log responses. High and low GR response indicates the shale or clay zone and clean sand zone, respectively. The summarized methodology of porosity assessment has been shown in the flow chart in Fig.-2 [9, 10] . Flow chart for shale volume and porosity assessment using wireline log data by several methods [9, 10] Shale volume estimated individually from Gamma Ray, SP logs and True resistivity method [3] in Fig.-2 . Shale volume also used for clay corrected Density (Ф D,corr ), Neutron (Ф N,corr ) porosity and bulk density (ρ b,corr ), respectively. Porosity has been estimated from single log method and Neutron-Density combination formula (Φ N-D ) both without clay correction and with clay corrected and Hilchie formula, Φ s,corr [3, 9] , respectively.
Results and Discussion of Analyzed Data
The quality of log data of studied well is good. The studied well, caliper log shows borehole caving and washout is absence within sand zone. Mud-cake is so small which is negligible to count at the following depths: 8710-8784 and 8792-8904 feet. No environmental corrections have been applied in the value of Gamma Ray and SP logs.
Shale volume estimation
Log reading on each available log curve have been taken with respect to these sub-zones and then analyzed. From log data, SP shale baseline has been identified from 9300 to 9530 feet which indicates SP value is 0 mili-Volt (mV). High GR response and positive deflection of SP log from shale base line indicates the shale or clay zone and vice-versa. The value of GR max and GR min are 125 and 64 (API) at measured depth interval 8614-8620 ft and 8272-8280 ft, respectively. The true resistivity (R t ) from Deep Induction Log (ILD) ranges from 16-32 ohm-m. The true resistivities of Rtmax (clean sand zone) and Rcl or Rtmin (shale zone) are 40 and 6.5 ohm-m at depth interval 8820-8824 ft and 8604-8620 ft, respectively. The Static SP value (maximum deflection from the shale base line over the entire log) is -51 mV at depth interval 8274-8290 feet.
From log data analysis, GR response and SP curve deflection from shale baseline which is listed as Table- 1. The reservoir A 2 gas sand is located at measure depth from 8698 ft (Top) to 8904 ft (Base). The shale index (I sh ) and shale volume (percentage) of A 2 sand ranges from 3.82 to 17.53 averaging 9.23 and 15 to 44 using Gamma Ray log for uncompacted (Tertiary) rocks, respectively which is used for estimation of porosity. On the other hand, shale volume has been found average 23.58 and 25% from True resistivity method (TRM) and SP log, respectively. Detailed results are shown in Table 1 . Table 1 shows variation of shale volume causes for changing of radioactive properties with respect to dept in A 2 gas sand. From Gamma Ray method, estimated average shale volume of A 2 sand is found about 9.23% which is more reliable and less higher than the estimation of IKM, 1991 [6] but slightly lesser than the estimation of RMP-2, 2009 [7] . Shaly sands may exhibit extremely suppressed in SP response where there is very little difference between the SP response in the shaly sand and the shale baseline. In this situation, the clay content determined from the SP method may very easily be overestimated [10] .
Porosity assessment
The average bulk density (ρ b ) of the hydrocarbon bearing sand and shale are found from the density log reading is 2.35 and 2.52 gm/cc respectively. The adjacent shale density and Neutron porosity (Ф N,sh ) is 2.52 gm/cc and 27%, respectively. In porosity assessment, matrix density (ρ ma ) of 2.68 gm/cc [5] and travel time (∆T) of 55.5μs/ft, and fluid density (ρ f ) of 1.0 gm/cc and sonic fluid travel time of 189μs/ft have been used for fresh water based mud [2, 5 & 12] . Detail estimated results shown in the Table 2 . From log data analysis, Compensated Neutron log gives average porosity of 20%. Average total porosity ranges from 22.85 to 28.09% from sonic log and the effective porosity (average) is 17.57% based on Hilchie formula, 1978 [8] correction for hydrocarbon (gas) effect which ranges from 15.99 to 20.19%. The total porosity (average) percentage is 19.87 which range from 18.45 to 20.89 from Neutron-Density combination formula without clay correction and effective porosity (average) percentage is 18.18 which ranges from 15.11 to 20.25 with clay corrected based on Neutron-Density combination formula. Fig. 3 shows the porosity variation with respect to several methods of A 2 gas sand. Table 2 : Assessment of porosity from several logs and formula for A2 gas sand reservoir Sub- Sonic porosity gives higher porosity than the other logs and Neutron-Density combination formula. Estimated average porosity (18.17%) from Neutron-Density combination formula with clay corrected is slightly lesser than the special core analyzed porosity as 22% [5] . Due to environmental concerns, the use of radioactive chemical source is discouraged as like GR and density tools [13] . Souce-free tools such as Neuclear Magnetic Resonance (NMR) tool can be used for porosity estimation and petrophysical analysis of a gas bearing reservoir [13, 14] . Matrix density and transit time can be changed for the heterogeneity of the studied gas reservoir [15] .
Conclusion
Titas gas field is the largest field in Bangladesh. Lithology is mainly sand and shale where sand is the dominant fraction. In A 2 sand interval, sand and shaly sand appeared as alternating units. The shales are laminated. The estimated average shale volume percentage is 12.80, 25.10 and 9.23 from true resistivity method, SP and Gamma Ray log, respectively. From Gama Ray method, estimated shale volume is optimistic than other two methods and more reliable for calculating effective porosity for shaly sand gas reservoir. The total porosity (average) percentage is 25.09 based on sonic log which is over estimated than other logs and formula. The Neutron-density combination formula with clay corrected gives better results of porosity for shaly sand gas reservoir of this field as averaging 18.17% which is more reliable for estimation of water saturation, formation evaluation and reserve estimation and similar as core porosity [5] . The sand porosity quality is good of A 2 gas sand which is potential hydrocarbon reservoir.
